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TUMOR-ASSOCIATED ANTIGEN fRl n 

Related Application 

5 The benefit of prior provisional application Serial No. 60/154,161, filed September 15, 
1999 is hereby claimed. 

Field of the Invention 

10 The invention relates to a novel tumor-associated antigen (TAA), derivatives and 
fragments thereof, antibodies thereto, and nucleic acids encoding the TAA and its 
derivatives and fragments. The invention further relates to the use of such molecules in the 
diagnosis and treatment or prevention of tumor diseases. 

15 Background 

The immune system has the task of protecting the body from a number of different 
microorganisms and actively fighting these microorganisms. The importance of an intact 
immune system is apparent particularly in the case of inherited or acquired 

20 immunodeficiencies. The use of prophylactic vaccine programmes proved in many cases 
to be an extremely effective and successful immunological intervention in the fight against 
viral or bacterial infectious diseases. It has also been found that the immune system is also 
involved to a large extent in eliminating tumour cells. Recognition of the tumour 
associated antigens (TAAs) by components of the immune system plays a crucial role. In 

25 the broadest sense, any (peptidic or non-peptidic) component of a tumour cell which is 
recognised by an element of the immune system and leads to stimulation of an immune 
response can act as an immunogenic tumour antigen. Those tumour antigens which not 
only evoke an immunological reaction but also cause rejection of the tumour are of 
particular importance. The identification of specific antigens which are able to provoke an 

30 immunological reaction of this kind constitutes a major step in developing a molecularly 
defined tumour vaccine. Although it is not yet clear which elements of the immune system 
are responsible for rejection of the tumour, there is nevertheless consensus that CD8- 
expressing cytotoxic T- lymphocytes (CTLs) play a major part (Coulie, 1997, Mol. Med. 
Today 3: 261-268). Particularly in those types of tumour (such as melanoma and kidney 

35 carcinoma) which have a relatively high spontaneous remission rate, a correlation has been 
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found between the clinical progress and the increased appearance of CD8 + - and 
CD4 + -T-cells (Schendel et al., 1993, J. Immunol. 151: 4209-4220; Mackensen et al., 1993, 
Cancer Res. 52: 3569-3573; Halliday et al., 1995, World J. Surg. 12: 352-358; Kawakami 
et al., 1995, J. Immunol. 154: 3961-3968; Kawakami et al., 1996, Med. 4£: 100-108; 
5 Wang, 1997, Mol. Med. 3: 716-73 1; Celluzzi and Falo, 1998, J. Immunol. 16Q: 3081- 
3085). Specific CTL clones were obtained either from tumour-infiltrating lymphocytes 
(TIL) or peripheral mononuclear blood cells (PBMC) after co-cultivation with generally 
autologous tumour cells and cytokine stimulation in vitro. Both in animal models and in 
human cell culture systems cultivated in vitro, the T-cell response against tumour cells was 
10 increased by transfection of tumour cells with cytokines (van Elsas et al., 1997, J. 

Immunother. 20: 343-353; Gansbacher et al., 1990, J. Exp. Med. JJ2: 1217-1224; Tepper 
et al., 1989, Cell 52: 503-512; Fearon et al., 1990, Cell 60: 397-403; Dranoff et al., 1993, 
Proc. Natl. Acad. Sci. U. S. A 2Q: 3539-3543). 

In the light of the correlation between remission and the involvement of CD8 + -T cells, the 
identification of tumour associated antigens (TAA) which are recognised by CD8-positive 
CTLs is a specific prime objective towards developing a tumour vaccine (Pardoll, 1998, 
Nature Medcine 4: 525-531; Robbins and Kawakami, 1996, Curr. Opin. Immunol. S: 658- 
63). Whether other cell types of the immune system such as for example CD4 + -T-helper 
cells play an important part is not yet clear; a number of studies with MAGE-3/HLA-A1 
peptides in melanoma patients indicated this (Marchand et al., 1995, Int. J. Cancer 63: 883- 
885; Boon et al., 1998, Cancer Vaccine Week - International Symposium, New York, Oct 
1998; abstract S01). In recent years a number of TAAs which are recognised by CTLs 
have been identified (Boon et al., 1994, Annu. Rev. Immunol. 12: 337-365; van den Eynde 
and van der Bruggen, 1997, Curr. Opin. Immunol. 2: 684-693). 

T-cells recognise antigens as peptide fragments which are presented on the cell surfaces of 
MHC molecules (major histocompatibility complex, in man "HLA" = "human leukocyte 
antigen"). There are two types of MHC molecules: MHC-I molecules occur in most cells 
30 with a nucleus and present peptides (usually 8-10-mers) which are produced by proteolytic 
degradation of endogenous proteins (so-called antigen processing). Peptide: MHC-I 
complexes are recognised by CD8-positive CTLs. MHC-II molecules occur only on so- 
called "professional antigen-presenting cells" (APC) and present peptides of exogenous 
proteins which are absorbed and processed in the course of endocytosis by APC. Peptide: 
35 MHC-II complexes are recognised by CD4-helper-T cells. By interaction between the T- 
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cell receptor and peptide:MHC complex, various effector mechanisms may be triggered 
which lead to apoptosis of the target cell in the case of CTLs. This occurs if either the 
MHC (e.g. in the case of transplant rejection) or the peptide (e.g. in the case of intracellular 
pathogens) is recognised as foreign. In any case, not all the presented peptides meet the 
5 structural and functional requirements for effective interaction with T-cells (as described 
by Rammensee et al., 1995, Immunogenetics 4k 178-228 and hereinafter). 

In principle, a number of methods of administration are possible for using TAAs in a 
tumour vaccine: the antigen can either be administered as a recombinant protein with 
10 suitable adjuvants or carrier systems or it may be given as cDNA coding for the antigen in 
plasmid (DNA vaccine; Tighe et al., 1998, Immunol. Today 12: 89-97) or viral vectors 
(Restifo, 1997). Another possibility is to use recombinant bacteria (e.g. listeria, 
salmonella) which recombinantly express the human antigen and have an adjuvant effect as 

p a result of their additional components (Paterson, 1996, Curr. Opin. Immunol. 5: 664-669; 

« 15 Pardoll, 1998, Nature Medcine 4: 525-531). In all these cases, the antigen has to be 

yi processed and presented by so-called "professional antigen presenting cells" (APC). 

M Another possibility is to use synthetic peptides (Melief et al., 1996, Curr. Opin. Immunol. 

~ 8: 65 1-657) which correspond to the equivalent T-cell epitopes of the antigen and are 

y a 

yj either loaded onto the APC from outside (Buschle et al., 1997, Proc. Natl. Acad. Sci. 
!L 20 U.S.A. 24: 3256-3261; Schmidt et al., 1997, Proc. Natl. Acad. Sci. U.S.A 24: 3262-3267) 

S or absorbed by the APC and transferred intracellularly to the MHC I molecules. The most 

Cj therapeutically efficient method of administration of a specified antigen is generally 

%l determined by clinical trials. 

S '- 

•sssr 

25 The antigens or epitopes thereof recognised by the tumour-specific CTLs include 

molecules which can come from any protein classes (e.g. transcription factors, receptors, 
enzymes; for a survey see Rammensee et al., 1995, Immunogenetics 41: 178-228; Robbins 
and Kawakami, 1996, Curr. Opin. Immunol. £: 628-636). These proteins do not 
necessarily have to be located on the cell surface, as is necessary for recognition by 

30 antibodies. In order to act as a tumour specific antigen for recognition by CTLs or in order 
to be used for therapy, the proteins must meet certain conditions: first of all, the antigen 
should be expressed exclusively by tumour cells or should occur in so-called "critical" 
normal tissues not at all or only in smaller concentrations than in tumours. Critical normal 
tissues are essential tissues; an immune reaction directed against them would have severe, 

35 in some cases lethal consequences. Secondly, the antigen should be present not only in the 
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primary tumour but also in the metastases. Furthermore, with a view to broad clinical use 
of the antigen, it is desirable for it to be present in high concentrations in several types of 
tumour. One further precondition for the suitability of a TAA as an effective ingredient of 
a vaccine is the presence of T-cell epitopes in the amino acid sequence of the antigen; 
5 peptides derived from the TAA should lead to an in vitro/in vivo T-cell response 

("immunogenic" peptide). Another criterion for selecting a clinically broadly applicable 
immunogenic peptide is the frequency with which the antigen is encountered in a given 
population of patients. 

10 The immunogenic tumour-associated antigens (TAAs), which have already largely been 
shown to have T-cell epitopes, can be divided into a number of categories, including viral 
proteins, mutated proteins, overexpressed proteins, fusion proteins formed by 
chromosomal translocation, differentiation antigens, oncofoetal antigens (Van den Eynde 

O and Brichard, 1995, Curr. Opin. Immunol. 1: 674-681; van den Eynde and van der 

J 15 Bruggen, 1997, Curr. Opin. Immunol. <?: 684-693). 

^* The methods of identifying and characterising TAAs which form the starting point for the 

development of a tumour vaccine are based on the one hand on the use of CTLs which 
have already been induced in patients (cellular immune response) or antibodies (humoral 
1=1 20 immune response), or are based on drawing up differential transcription profiles between 

03 tumours and normal tissues. In the former case, the immunological approach, patient 

Tf s CTLs are used for screening eukaryotic tumour-cDNA expression libraries which present 

q the CTL-epitopes via MHC-I molecules (Boon et al., 1994, Annu. Rev. Immunol. 12: 337- 

« 365), whereas by using high affinity patient antisera prokaryotic cDNA expression 

25 libraries, the presence of TAAs can be searched directly via immunoblot analysis of the 
individual plaques (Sahin et al., 1995, Proc. Natl. Acad. Sci. U.S.A. 22: 11810-11813). A 
combination of CTL reactivity and protein-chemical processes produces the isolation of 
peptides isolated from MHC-I from tumour cells, which are preselected by reactivity with 
patient CTLs. The peptides are washed out of the MHC-I complex and identified by mass 
30 spectrometry (Falk et al., 1991, Nature 2£1: 290-296; Woelfel et al., 1994, Int. J. Cancer 
52: 413-418; Cox et al., 1994, Science 2f>4: 716-719). The approaches which use CTLs to 
characterise antigens involve substantial costs or are not always successful, owing to the 
need to cultivate and activate CTLs. 
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Methods of identifying TAAs which are based on comparing the transcription profile of 
normal and tumour tissue are many and varied; these include differential hybridisation, the 
establishing of subtraction cDNA banks ("representational difference analysis 1 '; Hubank 
and Schatz, 1994, Nucleic Acids Res. 22: 5640-5648; Diatchenko et al., 1996, Proa Natl. 
5 Acad. Sci. U.S.A. 23: 6025-6030) and the use of DNA chip technology or the SAGE 
method (Velculescu et al., 1995, Science 2J0: 484-487). In contrast to the above- 
mentioned immunological method using patient CTLs, when using molecular biological 
methods it is necessary to show that the potential antigen candidates discovered by this 
method are tumour-specific (tumour-associated) and do indeed have T-cell epitopes 

10 capable of triggering a cytotoxic T-cell response. In at least one case (NY -ESO/LAGE-1) 
an antigen was identified both by the use of patient sera and by RDA (Chen et al., 1997, 
Proc. Natl. Acad. Sci. U.S.A. 24: 1914-1918; Lethe et al., 1998, Int. J. Cancer 26: 903- 
908), and moreover CTL-epitopes of this antigen and a simultaneous spontaneous humoral 
and T-cell response were described in one patient (Jager et al., 1998, J. Exp. Med. 187 : 

15 265-270). 

Summary of the Invention 

The present invention relates to a new tumor-associated antigen designated Rl 1 . The 
20 invention further relates to Rl 1 fragments and derivatives, nucleic acids encoding Rl 1 and 
Rl 1 fragments and derivatives, and antibodies and antibody fragments thereto which 
display one or more functional activities of the Rl 1 protein such as specifically binding the 
Rl 1 protein, inducing or augmenting an immune response (e.g., induction of CTLs, 
induction of antibodies), or treating or preventing cancer (e.g., reducing the volume or 
25 inhibiting the growth of a tumor that expresses Rl 1). 

Summary of the Figures 

Fig. 1: Transcription of Rl 1 in tumour tissues and normal tissues: Semi-quantitative RT- 
30 PCR 

Fig. 2: Transcription of Rl 1 in tumour tissues and normal tissues: Qualitative PCR 
Fig. 3: Northern Blot analysis of Rl 1 in normal tissues 

35 
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Fig. 4: Transcription of Rl 1 : Qualitative RT-PCR from RNA from human tumour cell 
lines 

Fig. 5: Modified region of the pCR3.1(+) vector. 
5 The aim of the present invention was to provide a new tumour-associated antigen (TAA). 

Detailed Description of the Invention 

This objective was achieved by first establishing a cDNA subtraction library by RDA 

10 (representational difference analysis) between a cell line derived from a pancreas 

carcinoma patient and a pool of 1 1 different normal tissues. In order to generate the cDNA 
fragments of "tester" and "driver" required for the subtractive hybridisation, in a departure 
from the original method (Diatchenko et al., 1996, Proc. Natl. Acad. Sci. U. S. A. 23: 
6025-6030) a mixture of 6 different restriction enzymes was used. The use of a mixture of 

15 different restriction enzymes which require 6 base pairs as the recognition sequence has the 
following advantages over the original method (Diatchenko et al., 1996, Proc. Natl. Acad. 
Sci. U. S. A. 23: 6025-6030): a) by selecting two restriction enzymes the recognition 
sequences of which are represented by combinations of 6 of the bases A/T (e.g. Ssp I: 
AATATT) or C/G (e.g. Nae I: GCCGGC) or A/C/G/T (e.g. EcoR V: GATATC), both GC- 

20 and AT-rich regions of a gene are cut in the same way, thus permitting homogeneous 

representation of the entire gene region as restriction fragments; b) in addition, this makes 
it possible to obtain larger cDNA fragments of the candidate gene, on a statistical average 
(about 800 bp), which is in turn highly advantageous in the subsequent analysis 
(sequencing and annotation) and cloning of the "full-size" cDNA. In the original method 

25 (Diatchenko et al., 1996, Proc. Natl. Acad. Sci. U. S. A. £3: 6025-6030) a restriction 
enzyme (Rsa I) recognising only 4 bases was used, which leads to an average fragment 
length of 256 bp and cannot specifically process CG- or AT-rich regions. In order to do 
justice to the hybridisation kinetics changed by the longer insert cDNA fragments, the PCR 
procedure was modified as described in Example 2. 

30 

In order to select the antigens which were overexpressed in the tumour, the cDNA clones 
obtained were first separated and a basic glycerol culture, a plasmid preparation and an 
insert-representing collection of the PCR fragments were established therefrom in a 96- 
well dish format. First, 50 randomly selected cDNA fragments of the 3450 clones of the 
35 subtractive cDNA library of the pancreatic carcinoma were sequenced in order to select the 
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antigens which are overexpressed in the tumour and compared with sequences available in 
data banks. Among the genes annotated there were 12 unknown ones, for which there 
were EST entries (expressed sequence tags) in the data bank. One clone, Rl 1, by its 
preferential presence in foetal tissue, indicated an EST profile which was suitable for 
possible use as a TAA. Further investigations using semi-quantitative RT-PCR and 
Northern Blot analysis confirmed the prefen^^P^sion in various liamoi^(carcinoma 
the breast, ki dneycells and pancreas) and immunpprivileged tissues (testis, placenta and 
adrenayjhm^^^ expression in normal tissues. Moreover, it can be 

concluded from the data obtained by Northern Blot experiments that the Rl 1 transcript is 
about 7.5 kb long and that splice variants or homologous genes may possibly exist in the 
adrenal glands. 

The human Rl 1-cDNA was cloned from testis; the sequence obtained is shown in SEQ ID 
NO: 1 . The sequence of Rl 1 shows no identity or homology with any known gene at either 
the nucleotide or protein level. The Rl 1-cDNA obtained within the scope of the present 
invention contains tw o separate open^ reading frames for a protein ^401 amino acids long 
(SEQiDLNOa)-and for a protein 357 amino acids long j[SEQ ID NO:3). The Rl 1-cDNA 
cloned within the scope of the present invention has a length of 6582 bp, whilst the 
presence of a PolyA tail at the 3*-end of the sequence is an indication of the completeness 
of the cDNA in this region. 

On the basis of the data obtained within the scope of the present invention, it cannot be 
ruled out that 5' from the sequenced cDNA there is another ATG which constitutes the 
startjATC open reading framF(Rl 1-ORF^T); in this case, the cDNA present 

contains the region coding for the C-terminal section of Rl 1-ORF-l at the 5' end. 
Information as to the 5' end and a possible coding DNA sequence section located further 
upstream can be obtained by standard methods of molecular biology, e.g. by 5 '-RACE 
(rapid amplification of cDNA ends). In this method, RNA, preferably mRNA, is reverse 
transcribed from cells or tissues in which Rl 1 is transcribed (e.g. tissue from carcinoma of 
the breast, kidney cells or pancreas) and then ligated with an adapter of known sequence. 
A PCR with an adapter primer (binding specifically to the adapter at the 5' -end of the 
cDNA) and an Rl 1 -specific primer (e.g. SEQ ID NO: 26) allows corresponding Rl 1 
fragments to be amplified. These PCR products can be cloned by standard methods and 
characterised, particularly by DNA sequencing, as described in Example 6. 
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An alternative method of characterising the 5 '-end is by screening cDNA libraries by 
hybridisation with DNA probes which are specific for Rl 1 or analysis of cDNA expression 
libraries with antisera. 



5 If the screening of cDNA libraries does not achieve the desired outcome, on account of 
limitations of procedure, e.g. inefficient reverse transcription caused by marked secondary 
structures of the RNA, genomic libraries can be searched by, for example, isolating clones, 
as in the screening of cDNA libraries, by hybridising with DNA probes specific for Rl 1, 
said clones containing the sequence information located upstream of the 5'-end of the 

10 cDNA obtained, e.g. the promoter region of Rl 1 . 
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In the course of total cloning of the Rl 1-cDNA it is possible to establish whether the open 
reading frame of Rl 1-ORF-l obtained in the region of the cDNA fragment present has a 
continuation in the 5' region and/or whether there are alternative reading frames. 

The cDNA isolated within the scope of the present invention has the nucleotide sequence 
given in SEQ ID NO: 1; it is to be assumed (see above) that it codes for the C-terminal 
portion of a tumour-associated antigen (TAA) designated Rl 1-ORF-l and for an other 
protein which is represented by the second reading frame (Rl l-ORF-2). 

The two proteins of the two reading frames expressed by the isolated cDNA have the 
amino acid sequence shown in SEQ ID NOs:2 and 3, respectively. 

In a first aspect, the present invention relates to an isolated DNA molecule which has the 
nucleotide sequence shown in SEQ ID NO: 1 or a polynucleotide which hybridises with 
this DNA molecule under stringent conditions. 

By 'stringent conditions' is meant, for example: incubation overnight at 65°C - 68°C with 
6xSSC (lx SSC = 150 mM NaCl, 15mM trisodium citrate), SxDenhardt's solution, 0.2% 
SDS, SO^ig/ml salmon sperm DNA, followed by washing twice for 30 min with 2xSSC, 
0.1% SDS at 65°C, once for 30 min with 0.2xSSC, 0.1% SDS at 65°C and optionally 
finally rinsing with O.lxSSC, 0.1%SDS at 65°C. 

In another aspect the present invention relates to an isolated DNA molecule which contains 
a polynucleotide of the sequence shown in SEQ ID NO: 1 as a partial sequence or which 
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contains a polynucleotide which hybridises with a polynucleotide of this sequence under 
stringent conditions. 

The nucleic acids or fragments thereof according to the invention code for polypeptides 
designated Rl 1-ORF-l and Rl l-ORF-2, whilst Rl l-ORF-2 has the amino acid sequence 
shown in SEQ ID NO: 3 and Rl 1-ORF-l has the amino acid sequence shown in SEQ ID 
NO:2 or contains it; or for protein fragments or peptides derived from Rl 1-ORF-l or Rl 1- 
ORF-2. This, therefore, includes DNA molecules which comprise deviations from the 
sequence shown in SEQ ID NO:l as a result of the degeneration of the genetic code. 



In another aspect the present invention relates to the tumour-associated antigens designated 
Rl 1-ORF-l and Rl l-ORF-2, whilst in the case of Rl 1-ORF-l, if there is an extension of 
the existing open reading frame in the 5 ' direction, the amino acid sequence given in 
f SEQ ID NO: 2 for Rl 1-ORF-l is a partial sequence. The proteins with the sequences 

ij 15 shown in SEQ ID NO: 2 and 3 are products which are translated by a transcript 

Z approximately 7.5 kb in size, or which are translated by transcripts about 3.8 kb and 2.3 kb 

H in size which are derived from splice variants of the 7.5 kb transcript such as may be found 

in the adrenal tissues, or from transcripts of the genes homologous thereto. 

*J The amino acid sequences shown in SEQ ID NO:2 and 3 may have deviations, e.g. those 

ij 20 caused by the replacement of amino acids, insofar as the Rl 1 derivatives ("Rl 1", unless 

zt otherwise specified, herein denotes Rl 1-ORF-l and/or Rl l-ORF-2) have the 

immmunogenic properties desirable for use in a tumour vaccine. 

The natural amino acid sequence of Rl 1-ORF-l or Rl l-ORF-2 can optionally be modified 
by replacing individual amino acids in an Rl 1 CTL-epitope in order to achieve an increase 
25 in the affinity of Rl 1 peptides to MHC-I molecules compared with the natural Rl 1 CTL- 
epitope, and thus bring about increased immunogenicity and finally greater reactivity to 
tumours. Modifications in the region of the Rl 1 epitopes may be carried out on the whole 
Rl 1 protein (this is processed by the APCs to form the corresponding peptides) or on 
larger Rl 1 protein fragments or on Rl 1 peptides (cf. below). 



According to another aspect, the present invention relates to immunogenic polypeptide 
fragments and peptides derived from Rl 1-ORF-l or Rl l-ORF-2. The latter are hereinafter 
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referred to as Rl 1 peptides. A first group are the Rl 1 peptides which trigger a humoral 
immune response (induction of antibodies). Such peptides are selected portions of Rl 1- 
ORF-1 or Rl l-ORF-2 (at least 6 amino acids) which can be determined by so-called 
prediction algorithms such as for example the surface probability plot (Emini et al., 1985 J. 
Virol. 55: 836-839), the hydrophobicity plot (Kyte and Doolittle, 1982 J. Mol. Biol. 152: 
105-132) and the antigenic index (Jameson and Wolf, 1988 Comput. Appl. Biosci. 4: 181- 
186). 

Also included are all those peptides which are derived from the N-terminal region of Rl 1 
which is optionally obtained in the course of further cloning. 

It is known that tumour-associated antigens may have tumour-specific mutations which 
contribute to an immunological distinction between tumour and normal tissue 
(Mandruzzato et al., 1997, J Exp Med 1££: 785-793; Hogan et al., 1998, Cancer Res 58: 
5144-5150; Gaudi et al., 1999, J Immunol 162: 1730-1738; Wolfel et al, 1995, Science 
269 : 1281-1284). In order to detect the presence of tumour-specific Rl 1-ORF-l or Rl 1- 
ORF-2 mutations, the Rl 1 cDNA is cloned from one or more different tumours, 
appropriately using probes of the cDNA isolated from testis according to the invention, and 
the sequences obtained are compared with normal tissue Rl 1-cDNA. It is to be expected 
that tumour Rl 1 peptides from a fragment of sequence which is mutated compared with 
normal tissue Rl 1 will exhibit greater immunogenicity compared with normal tissue Rl 1 
peptides from the corresponding fragment. Thus, according to another aspect, the present 
invention relates to Rl 1 peptides derived from regions of a tumour-expressed Rl 1-ORF-l 
or Rl l-ORF-2 which contain tumour-specific mutations. 

For therapeutic use, Rl 1 peptides are administered directly or in modified form (e.g. 
coupled to KLH (keyhole limpet hemocyanine)) and the production of antibodies is 
determined by common immunological assays, e.g. ELISA. 

Other Rl 1 peptides which are preferred within the scope of the present invention are those 
which are presented by MHC-molecules and produce a cellular immune response. There 
are two types of MHC-molecules, namely MHC-I molecules which are recognised by 
CD8-positive CTLs and MHC-II molecules which are recognised by CD4-positive T- 
helper cells. 
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In order for a peptide to trigger a cellular immune response, it must bind to an MHC- 
molecule, whilst the patient to be treated must have the MHC molecule in his or her 
repertoire. Determining the MHC-subtype of the patient thus constitutes one of the 
essential prerequisites for effective use of a peptide in this patient, with a view to triggering 
a cellular immune response. 

The sequence of an Rl 1 peptide to be used therapeutically is determined by the MHC- 
molecule in question in terms of the anchor amino acids and length. Defined anchor 
positions and length guarantee that a peptide fits the peptide binding groove of the MHC- 
molecule of the patient in quet tion. The result of this is that the immune system is 
stimulated and a cellular immune reaction is produced which is directed against the tumour 
cells of the patient, if a peptide derived from a tumour antigen is used. 

Immunogenic Rl 1 peptides may be identified by known methods; one of the basic 
conditions is the correlation between MHC-binding and CTL-induction. 

Thus, since the sequence of immunogenic peptides can be predicted on the basis of its 
peptide binding motif, Rl 1 peptides which constitute CTL-epitopes can be identified and 
synthesised on the basis of the Rl 1 protein sequence. Various methods are available for 
doing this, which are used to identify CTL-epitopes of known protein antigens; e.g. the 
method described by Stauss et al., 1992, Proc. Natl. Acad. Sci. U.S.A 82: 7871-7875 for 
identifying T-cell epitopes in human papilloma virus. 

The allele-specific requirements of each MHC-I allele product with regard to a peptide 
which binds to the MHC-molecule and is presented thereby have been assembled as a 
motif (e.g. Falk et al., 1991, Nature 351: 290-296). Up until now, a large number of both 
MHC-peptide motifs and MHC-ligands have become known. A suitable method, within 
the scope of the present invention, for searching for epitopes of a known protein which fits 
a specific MHC-I molecule is described in a survey by Rammensee et al., 1995, 
Immunogenetics 41: 178-228. It comprises the following steps: first, the protein sequence 
is searched for fragments which correspond to the anchor motif, whilst certain variations 
are possible with regard to peptide length and anchor occupation. If, for example, a motif 
prescribes a 9-mer with He or Leu at the end, 10-mers with a corresponding C-terminus can 
also be considered, as can peptides with other aliphatic groups such as Val or Met at the C- 
terminus. In this way a number of peptide candidates is obtained. These are searched for 
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the presence of as many anchor groups as possible which they have in common with 
known ligands and/or to see whether they have groups which are "preferred" for various 
MHC-molecuIes (according to the Table by Rammensee et al., 1995, Immunogenetics 41: 
178-228). In order to exclude weakly binding peptides, binding assays are preferably 

5 carried out. If the requirements for the peptide binding for specific MHC-molecules are 
known, the peptide candidates can also be searched for non-anchor groups which have a 
negative or positive effect on the binding or which indeed make it possible at all (Ruppert 
et al, 1993, Cell 24: 929-937). However, with this method, it should be borne in mind that 
the peptide binding motif is not the sole deciding factor when searching for natural ligands; 

10 other aspects, e.g. enzyme specificity during antigen processing, also contribute to the 
identity of the ligand, in addition to the specificity of the MHC-binding. One method 
which takes account of these aspects and which is suitable for identifying immunogenic 
Rl 1 peptides within the scope of the present invention was used inter alia by Kawakami et 
al., 1995, J. Immunol. 134: 3961-3968 for identifying gplOO epitopes on the basis of 

15 known HLA-A*0201 motifs. 

The peptides may also be selected for their ability to bind to MHC-II molecules. The 
MHC-II binding motif which extends over nine amino acids has a higher degree of 
degeneration in the anchor positions than the MHC-I binding motif. Methods have 

20 recently been developed, based on X-ray structural analysis of MHC-II molecules, which 
allow accurate analysis of the MHC-II binding motifs and, based on that, variations in the 
peptide sequence (Rammensee et al., 1995, Immunogenetics 41:178-228, and the original 
literature cited therein). Peptides which bind to MHC-II molecules are typically presented 
to the CD4-T cells by dendritic cells, macrophages or B-cells. The CD4-T-cells in turn 

25 then activate CTLs directly in sequence by the release of cytokine, for example, and 

increase the efficiency of antigen presentation by APC (dendritic cells, macrophages and 
B-cells). 

Recently, databanks and prediction algorithms have become available which allow more 
30 reliable prediction of peptide epitopes which bind to a specific MHC molecule. 

Within the scope of the present invention, using the algorithm described by Parker et al., 
1994, J. Immunol. 152: 163 and Rammensee et al., 1995, Immunogenetics 41:178-228, 
candidate peptides of the C-terminal fragment of Rl 1 have been identified for the most 
35 important HLA-types, especially for HLA-A1, -A*0201, -A3, -B7, -B14 and -B*4403, 
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which can be expected to bind to the corresponding HLA molecules and thus constitute 
immunogenic CTL-epitopes; the peptides discovered are listed in Table 1. Similarly, 
possibly using other algorithms which take account of the different characteristics of the 
peptides (hydrophobicity, charge, size) or requirements made of the peptides, such as the 
3D structure of the HLA-molecule, it is possible to find other potential peptide epitopes; 
this also applies to peptide epitopes of other HLA types. 

After selecting Rl 1 -peptide candidates using the methods described, their MHC-binding is 
tested by peptide binding assays. First, the immunogenicity of the peptides with good 
binding properties is determined (stability of the peptide-MHC interaction correlates in 
most cases with immunogenicity; van der Burg et al., 1996, J. Immunol. 156 : 3308-3314). 
In order to determine the immunogenicity of the selected peptide or peptide equivalent, 
methods may be used as described, for example, by Sette et al., 1994, J. Immunol. 153 : 
5586-5592 combined with quantitative MHC-binding assays. Alternatively, the 
immunogenicity of the selected peptide may be tested by in vitro CTL-induction using 
known methods (as described hereinafter for ex vivo CTL-induction). The principle of the 
method, carried out in several steps, for selecting peptides which are capable of triggering 
a cellular immune response is described in WO 97/30721, the contents of which are hereby 
expressly referred to. A general strategy for obtaining efficient immunogenic peptides 
which is suitable within the scope of the present invention has also been described by 
Schweighoffer, 1997, One. Res. 3: 164-176. 

Instead of using the original peptides which fit the binding groove of MHC-I or MHC-II 
molecules, i.e., peptides which are derived unaltered from Rl 1, variations may be carried 
out, adhering to the minimum requirements regarding anchor positions and length specified 
on the basis of the original peptide sequence, provided that these variations not only do not 
impair the effective immunogenicity of the peptide which is made up of its binding affinity 
to the MHC-molecule and its ability to stimulate T-cell receptors, but preferably enhance 
it. In this case, artificial peptides or peptide equivalents are thus used which are designed 
to correspond to the requirements regarding binding ability to an MHC-molecule. 

Peptides modified in this way are referred to as "heteroclitic peptides". They may be 
obtained by the following methods: 
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First of all, the epitopes of MHC-I or MHC-II ligands or variations thereof are undertaken, 
e.g. using the principle described by Rammensee et al., 1995, Immunogenetics 41:178-228. 
The length of the peptide preferably corresponds to a minimum sequence of 8 to 10 amino 
acids with the necessary anchor amino acids, if the peptide is being matched to MHC-I 
5 molecules. 

If desired, the peptide may also be extended at the C- and/or N-terminus provided that this 
extension does not affect the ability to bind to the MHC-molecule and the extended peptide 
can be cellularly processed down to the minimum sequence. 

The modified peptides are then investigated for their recognition by TILs (tumour 
infiltrating lymphocytes), for CTL-induction and for increased MHC-binding and 
immunogenicity, as described by Parkhurst et al., 1996, J. Immunol 157 : 2539-2548 and 
Becker et al., 1997, J. Immunol. Methods 203: 171-180. 

Another method of finding peptides with greater immunogenicity than that of the natural 
Rl 1 peptides, which is suitable for the purposes of the present invention, consists in 
screening peptide libraries with CTLs which recognise the Rl 1 peptides naturally 
occurring on tumours, as described by Blake et al., 1996, J. Exp. Med. 184 : 121-130; in 
connection with this it is proposed to use combinatorial peptide libraries in order to design 
molecules which imitate tumour epitopes recognised by MHC-I-restricted CTLs. 

The Rl 1 polypeptides according to the present invention or immunogenic fragments or 
peptides derived therefrom may be produced recombinantly or by peptide synthesis, as 
25 described in WO 96/10413, the disclosure of which is hereby referred to. For recombinant 
production, the corresponding DNA molecule is inserted by standard methods in an 
expression vector, transfected into a suitable host cell, the host is cultivated under suitable 
expression conditions and the protein is purified. Conventional methods may be used for 
the chemical synthesis of Rl 1 peptides, e.g. automatic peptide synthesisers which are 
30 commercially available. 

Alternatively to natural Rl 1 peptides or heteroclitic peptides, it is also possible to use 
substances which imitate such peptides, e.g. "peptidomimetics" or "retro-inverse peptides". 
In order to test these molecules with regard to their therapeutic use in a tumour vaccine the 
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same methods are used as described above for the natural Rl 1 peptides or Rl 1 peptide 
equivalents. 

The two TAAs designated Rl 1-ORF-l and Rl l-ORF-2 according to the present invention 
and the protein fragments, peptides or peptide equivalents or peptidomimetics derived 
therefrom may be used in cancer therapy, e.g. in order to induce an immune response to 
tumour cells which express the corresponding antigen determinants. They are preferably 
used for the treatment of Rl 1-ORF-l- and/or Rl l-ORF-2-positive tumours, particularly in 
carcinoma of the breast, kidney cells and pancreas. 

The immune response in the form of induction of CTLs can be achieved in vivo or ex vivo. 

In order to induce CTLs in vivo, a pharmaceutical composition containing as active 
component the TAAs Rl 1-ORF-l and/or Rl l-ORF-2 or fragments or a peptide or peptides 
derived therefrom, is administered to a patient suffering from a tumoral disease associated 
with the TAA, whilst the quantity of TAA (peptide) must be sufficient to obtain an 
effective CTL response to the antigen-bearing tumour. 

Thus, according to another aspect, the invention relates to a pharmaceutical composition 
for parenteral, topical, oral or local administration. Preferably, the composition is used 
parenterally, e.g. for subcutaneous, intradermal or intramuscular application, containing as 
active component the TAAs Rl 1-ORF-l and/or Rl l-ORF-2 or fragments or peptide(s) 
derived therefrom. The Rl 1-TAAs/peptides are dissolved or suspended in a 
pharmaceutically acceptable, preferably aqueous, carrier. The composition may also 
contain conventional adjuvants such as buffers etc. The Rl 1-TAAs/peptides may be used 
on their own or in conjunction with adjuvants, e.g. incomplete Freund's adjuvant, 
saponines, aluminium salts or, in a preferred embodiment, polycations such as polyarginine 
or polylysine. The peptides may also be bound to components which aid CTL induction or 
CTL activation, e.g. T-helper peptides, lipids or liposomes, or they are administered 
together with these substances and/or together with immunostimulant substances, e.g. 
cytokines (IL-2, IFN-y). Methods and formulations which are suitable for the preparation 
and administration of the pharmaceutical composition according to the invention are 
described in WO 95/04542 and WO 97/30721, the disclosures of which are hereby referred 
to. 
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Rl 1 polypeptide fragments or Rl 1 peptides may also be used to trigger a CTL response ex 
vivo. An ex vivo CTL response to a tumour which expresses the two possible proteins of 
Rl 1 is induced by incubating the CTL-precursor cells together with APCs and Rl 1 
peptides or Rl 1 protein. The activated CTLs are then allowed to expand, whereupon they 
5 are re-administered to the patient. Alternatively, APCs may be loaded with Rl 1 peptides, 
which may lead to efficient activation of cellular immune reactions against Rl 1 positive 
tumours (Mayordomo et al., 1995, Nature Medicine 1: 1297-1302; Zitvogel et al., 1996, J. 
Exp. Med. 183 : 87-97). One suitable method of loading peptides onto cells, e.g. dendritic 
cells, is disclosed in WO 97/19169. 

10 

In one embodiment of the invention a combination of several different Rl 1 peptides or 
Rl 1 peptide equivalents is used. In another embodiment, Rl 1 peptides are combined with 
peptides derived from other TAAs. The choice of peptides for such combinations is made 
C3 in the light of detecting different MHC-types in order to cover the broadest possible patient 

Z\ 15 population, and/or it is aimed at the broadest possible spectrum of indications, by 

yj combining peptides from several different tumour antigens. The number of peptides in a 

%Z pharmaceutical composition can fluctuate over a wide range, but typically a clinically 

Qi usable vaccine contains 1 to 15, preferably 3 to 10 different peptides. 

yj 

^ 20 The peptides according to the invention may also be used as diagnostic reagents. For 

03 example, the peptides may be used to test the response of a patient to the humoral or 

rt cellular immune response evoked by the immunogenic peptide. This provides a possibility 

Q of improving a treatment procedure. For example, depending on the form of 

M administration (peptide, total protein or DNA vaccine) of the TAA, the increase of 

25 precursor T-cells in the PBLs which show reactivity against the defined peptide epitope 
can be investigated (Robbins and Kawakami, 1996, Curr. Opin. Immunol. &: 628-636 and 
the references cited therein). Moreover, the peptides or the total protein or antibodies 
directed against the TAA may be used to characterise the progression of an Rl 1-ORF-l- or 
Rl l-ORF-2-positive tumour (e.g. by immunohistochemical analyses of primary tumour 
30 and metastases). A strategy of this kind has already proved successful in many cases, e.g. 
detecting the oestrogen receptor as the basis for deciding on endocrine therapy in breast 
cancer; c-erbB-2 as the relevant marker in the prognosis and course of therapy in breast 
cancer (Ravaioli et al., 1998, Cell. Prolif. 31: 1 13-126; Revillion et al., 1998, Eur. J. 
Cancer 34: 791-808); PSMA (prostate specific membrane antigen) as a marker for 
35 epithelial cells of prostate carcinoma in the serum or by using a 1 1 1 In-labelled monoclonal 
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antibody against PSMA in immunoscintigraphy on prostate carcinoma (Murphy et al., 
1998, Cancer 83: 2259-2269 and references included therein); CEA (carcinoembryonic 
antigen) as a serological marker for the prognosis and progression in patients suffering 
from colorectal carcinoma (Jessup and Loda, 1998, Semin. Surg. Oncol. 15: 131-140). 

5 

Of the DNA molecules according to the invention defined above, those which lead, by 
mutation, to an exchange of amino acids in the protein sequence shown in SEQ ID NO:2 or 
3, if they code for an Rl 1 derivative or fragments or peptides with the immunogenic 
properties which are desirable for their use as tumour vaccines, are also included. 

10 

The Rl 1 DNA molecules of the present invention or the corresponding RNAs which are 
also a subject of the present invention are used, like the (poly)peptides coded by them, for 
immunotherapy of cancer diseases. 

15 In one embodiment of the invention, DNA molecules are used which code for natural Rl 1 
polypeptides. Alternatively to the natural Rl 1 cDNA or fragments thereof it is possible to 
use modified derivatives. These comprise sequences with modifications which code for a 
protein (fragment) or peptides with greater immunogenicity, whilst the same 
considerations apply to modifications at the DNA level as apply to the peptides described 

20 above. Another type of modification is the lining up of numerous sequences coding for 
immunologically relevant peptides like a string of beads, (Toes et al., 1997, Proc. Natl. 
Acad. Sci. U.S.A. 24: 14660-14665). The sequences may also be modified by the addition 
of auxiliary elements, e.g. functions, which ensure more efficient release and processing of 
the immunogen (Wu et al., 1995, Proc. Natl. Acad. Sci. U.S.A. 22: 1 1671-1 1675). For 

25 example, the processing and hence the presentation and finally the immunogenicity of the 
antigen can be increased by the addition of a locating sequence in the endoplasmatic 
reticulum ("ER targeting sequence"). 

In another aspect, the present invention relates to a recombinant DNA molecule which 
30 contains the Rl 1-DNA according to SEQ ID NO: 1 or a partial sequence, particularly the 
sequence coding for the polypeptide Rl 1-ORF-l or Rl l-ORF-2. 

The Rl 1 DNA molecules of the present invention may be administered, preferably in 
recombinant form as plasmids, directly or as part of a recombinant virus or bacterium. In 
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theory, any method of gene therapy may be used for immunotherapy of cancer based on 
DNA ( ft DNA vaccine") on Rl 1-DNA, both in vivo and ex vivo. 

Examples of in vivo administration are the direct injection of "naked" DNA, either by 
intramuscular route or using a gene gun, which has been shown to lead to the formation of 
CTLs against tumour antigens. Examples of recombinant organisms are vaccinia virus, 
adenovirus or listeria monocytogenes (a summary was provided by Coulie, 1997, Mol. 
Med. Today 3: 261-268). Moreover, synthetic carriers for nucleic acids such as cationic 
lipids, microspheres, micropellets or liposomes may be used for in vivo administration of 
nucleic acid molecules coding for Rl 1 peptide. As with peptides, different adjuvants 
which enhance the immune response may also be administered, e.g. cytokines, either in the 
form of proteins or plasmids coding for them. The application may optionally be 
combined with physical methods, e.g. electroporation. 

An example of ex vivo administration is the transfection of dendritic cells as described by 
Tuting, 1997, Eur. J. Immunol. 22: 2702-2707, or other APCs which are used as cellular 
cancer vaccines. 

Thus, according to another aspect, the present invention relates to the use of cells which 
express Rl 1, either per se or, in optionally modified form, after transfection with the 
corresponding coding sequence, in order to produce a cancer vaccine. 

In another aspect, the invention relates to antibodies against Rl 1-ORF-l or Rl l-ORF-2 
(hereinafter 'anti-Rl 1 -antibodies') or fragments thereof. Polyclonal anti-Rl 1 -antibodies 
are conventionally obtained by immunising animals, particularly rabbits, by injecting the 
antigen or fragments thereof and subsequently purifying the immunoglobulin. 

Monoclonal anti-Rl 1 -antibodies may be obtained by standard procedures following the 
principle described by Kohler and Milstein, 1975 Nature 265 : 495-497, by immunising 
animals, particularly mice, then immortalising antibody-producing cells from the 
immunised animals, e.g. by fusion with myeloma cells, and screening the supernatant of 
the hybridomas obtained by immunological standard assays for monoclonal anti-Rl 1- 
antibodies. For therapeutic or diagnostic use in humans, these animal antibodies may 
optionally be chimerised in the conventional way (Neuberger et al., 1984 Nature 312 : 604- 
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608, Boulianne et al., 1984 Nature 312: 643-646) or humanised (Riechmann et al., 1988, 
Nature 232: 323-327, Graziano et al., 1995, J. Immunol. 155: 4996-5002). 

Human monoclonal anti-Rl 1 -antibodies (or fragments thereof) may also be obtained from 
so-called phage display libraries (Winter et al., 1994, Annu. Rev. Immunol. 12: 433-455, 
Griffiths et al, 1994, EMBO J. 13: 3245-3260, Kruif et al., 1995, Proc. Natl. Acad. Sci. 
USA 22: 3938-3942, McGuiness et al., 1996, Nature Biotechnol. 14: 1 149) and by means 
of transgenic animals (Briiggemann et al., 1996 Immunol. Today 1Z: 391-397, Jakobovits 
et al., 1995, Curr. Opin. Biotechnol. 6: 561-566). 

The anti-Rl 1 -antibodies according to the invention may be used in immunohistochemical 
analyses for diagnostic purposes. 

In another aspect, the invention relates to the use of Rl 1-ORF-l- and Rl l-ORF-2-specific 
antibodies for selectively bringing any desired substances to or into a tumour which 
expresses Rl 1-ORF-l and/or Rl l-ORF-2. Examples of such substances are cytotoxic 
agents or radioactive nuclides the activity of which consists in damaging the tumour in 
situ. Because of the tumour-specific expression of Rl 1-ORF-l or Rl l-ORF-2, no or very 
few side effects can be expected. According to another aspect, substances for detecting 
tumours which express Rl 1 may be used, with the aid of Rl 1-ORF-l and/or Rl l-ORF-2 
antibodies. This is useful for the diagnosis and evaluation of the treatment. Therapeutic 
and diagnostic uses of, are described in WO 95/33771. 

The TAAs designated Rl 1-ORF-l and Rl l-ORF-2 according to the present invention and 
the protein fragments, peptides or peptide equivalents or peptidomimetics derived 
therefrom may be used in cancer therapy, e.g. to induce an immune response to tumour 
cells which express the corresponding antigen determinants. They are preferably used for 
the treatment of Rl 1-ORF-l - and/or Rl 1 -ORF-2-positive tumours, particularly in 
carcinoma of the breast, kidney cells and pancreas. 

In another application, Rl 1 may be used as the target molecule of targeted chemotherapy. 

By chemotherapy is meant the therapeutic administration of substances which have either a 
cytostatic or cytotoxic-cytolytic activity by interfering with the metabolism of malignant 
cells, their signal transduction and their cell division processes. 
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In principle, these chemotherapeutic agents develop their activity in all dividing cells; 
tumour cells, however, show greater sensitivity to these substances than healthy cells, as it 
is mainly strongly proliferating cells which are affected. 

The prerequisite for the use of the tumour-associated Rl 1 as a target for the chemotherapy 
is - unlike the immunological therapeutic approaches mentioned above - knowledge of the 
function of the Rl 1 proteins Rl 1-ORF-l and Rl l-ORF-2 or the gene coding therefor. 

The first step in the so-called 'downstream' functional analysis of Rl 1 is conveniently a 
bioinformatic analysis which points the way for the experimental validation of Rl 1 as a 
target for the chemotherapy. 

The bioinformatic concepts based on similarity and modular structure constitute an 
essential basis for this analysis. Established bioinformatic aids for determining similarities 
are BLAST ( http://www.ncbi.nlm.nih.gov/BLAST . Altschul et al., 1997, Nucleic Acids 
Res. 25: 3389-3402) or FASTA (Pearson & Lipman, 1988, Proc. Natl. Acad. Sci. USA 8£: 
2444-2448), the specialised data banks such as Pfam ( http://www.sanger.ac.uk/Pfam > 
Bateman et al., 2000, Nucleic Acids Res. 2&: 263-266) and SMART ( http://smart.embl- 
heidelberg.de , Schultz et al., 2000, Nucleic Acids Res. 2&: 231-234), which take account of 
domain structures. To refine the analysis, applications such as: Clustal 
( http://www2.ebi.ac.uk/clustalw . Higgins et al., 1996, Methods Enzymol. 266 : 383-402); 
HMMer ( http://hmmer.wustl.edu . Durbin et al, 1998, Cambridge University Press; PSI- 
BLAST (Altschul et al., 1997, Nucleic Acids Res. 25: 3389-3402) and the PROSITE data 
bank ( http://www.expasy.ch/prosite . Hofmann et al, 1999, Nucleic Acids Res. 22: 21 5- 
219) may be used. Statistical methods of analysis which are not based on homologies 
make it possible to predict other structure- and function-related properties such as the 
secondary structure and the occurrence of transmembrane segments and helix-turn-helix 
motifs. Methods of predicting the secondary structure of proteins are available; 
particularly worth mentioning is Jpred ( http://barton.ebi.ac.uk/servers/jpred.htmL Cuff et 
al., 1998, Bioinformatics 14: 892-893). The prediction of the secondary structure may 
form the basis for functional hypotheses, e.g. if the structure of the presumed homologue is 
known. 
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Subsequently, Rl 1 is subjected to a biochemical and biological analysis. 

After the sequence analysis described above has been carried out, Rl 1-ORF-l and Rl 1- 
ORF-2 are subjected to biochemical and biological analysis. The choice of the methods 
used for the further analyses depends on the result of the bioinformatic analysis carried out. 

One example of functional analysis is the analysis of partly theoretically derived proteins 
of chromosome III of the yeast genome. (In such an analysis it was possible to predict 
more than 70% of the gene functions by the use of the bioinformatics, some of which were 
confirmed experimentally (Bork et aL, 1992, Nature Genetics 18: 313-318; Sharp et al., 
1993, Nucleic Acids Res. 21: 179-183 and Koonin et al., 1994, EMBO J. 13: 493-503). 

In all the studies to be carried out it is important to preselect those domains of the protein 
of unknown function which is to be analysed which have a striking structural complexity, 
as limited structural information (e.g. globular regions) does not contribute to any major 
information content. An extensive summary of examples of successful predictions of 
function on the basis of protein sequences has been published in Nature Genetics by Bork 
and Koonin (Bork and Koonin, 1998, Nature Genetics 18: 313-318). 

In the functional analysis of Rl 1-ORF-l carried out within the scope of the present 
invention it was established that, according to bioinformatic analysis, it is a protein which 
belongs to the family of the zinc finger-containing transcription factors. 

By means of suitable experiments such as, for example, mobility shift, South- Western, 
UV-crosslinking, etc., it is possible to demonstrate a direct and/or indirect interaction with 
nucleic acids, particularly in promoter regions. Suitable methods for this are known from 
the literature (e.g. Ausubel et aL, 1994, Vol. 1 and 2 "Current Protocols in Molecular 
Biology", John Wiley & Sons., Inc.). 
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For the first 280 amino acids of the protein derived from the Rl l-ORF-2 region it was 
possible to show a clear homology with a retroviral pol polyprotein. Thus, Rl l-ORF-2 
might be a possible retrotransposon. Once the function of Rl 1-ORF-l or Rl l-ORF-2 is 
established, the significance of the Rl 1 gene and its function or the function of the proteins 
5 coded thereby for the occurrence of tumours is analysed. This may be demonstrated, for 
example, by proliferation assays in vitro or in animal models using tumour cells which 
overexpress the gene under investigation (constitutively or inducibly) and as a control 
express it either in deleted (inactive) form or down-regulate it by antisense (cf. e.g. 
Grosveld and Kollias, 1992, Transgenic Animals, Academic Press). 

10 

Rl 1 can be used in screening assays for identifying substances which modulate, especially 
inhibit, the activity of Rl 1-ORF-l or Rl l-ORF-2. In one embodiment an assay of this 
kind might consist, for example, of introducing Rl 1-ORF-l or Rl l-ORF-2 or an active 
fragment thereof into cells which react to the activity of Rl 1 with proliferation or 
15 expressing the corresponding Rl 1-cDNA-fragment in the cell and determining the 
proliferation of the cells in the presence and absence of a test substance. 

One example of test cells is cells with a low division rate, e.g. primary cells which have no 
endogenous Rl 1. In order to establish the suitability of cells for a screening assay, they are 
20 transformed with Rl 1-cDNA, cultured and tested with standard assays, e.g. thymidine 

incorporation, for their ability to proliferate. On the basis of a significant increase in their 
ability to proliferate after Rl 1 expression, they may be used as test cells, e.g. in High 
Throughput Screening Proliferation Assays. Examples of proliferation assays in the High 
Throughput format, e.g. based on the MTS assay, are described in WO 98/00713. 

25 

Rl 1 inhibitors with a proliferation-inhibiting activity can be used to treat tumours with 
powerful Rl 1 expression, particularly in carcinoma of the breast, kidney cell or pancreas. 

In another aspect, the invention relates to a kit comprising in one or more containers a 
30 molecule consisting of a polypeptide comprising the amino acid sequence of SEQ ID NO:2 
or SEQ ID NO:3 or a protein fragment derived from Rl 1 or a derivative thereof; and in 
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another container, an antibody that specifically binds to a TAA designated Rl 1 or a 
fragment or derivative thereof. 

Example 1 

5 

Cell culture of the cell line MZ.PC2 m7#l B7.1#3 derived from a human pancreatic 
carcinoma and isolation of the poly A + RNA 

The cell line MZ.PC2 m7#l B7.1#3 is derived from a human pancreatic carcinoma 
(MZ.PC2); it was obtained as follows: First, the tumour cells were passaged once through 
the mouse and a clone was selected for further study (MZ.PC 2m7#l). This clone was 
transfected under standard conditions (Ausubel et al., 1994, Vol. 1 and 2 "Current 
Protocols in Molecular Biology" John Wiley & Sons, Inc.) with a eukaryotic vector (pEF- 
BOS; promoter originates from the human EF-1 alpha gene, selection marker: puromycin; 
Mizushima and Nagata, 1990, Nucleic Acids Res. 18: 5322), which contains the cDNA of 
the human B7.1 gene (Selvakumar et al., 1992, Immunogenetics 36: 175-181). A clone 
MZ-PC2 m7#l B7.1#3 was selected and cultured in T 150 cell culture flasks. The nutrient 
medium used was RPMI 1640 (Gibco plus 4g/L glucose) containing 10% heat- inactivated 
foetal calf serum and 2 mM of L-glutamine. Every 3 to 4 days the cells were cleaved for 
propagation by trypsinisation at 1:5. After about 80% confluence had been achieved 4 ml 
of a trypsin solution (containing per litre: 8g NaCl, 0.2g KC1, 1.1 3g Na 2 HP0 4 -anhydrous, 
0.2g KH 2 P0 4 , 100ml 2.5% trypsin solution, lg of EDT A-Na-salt; pH 7.2-7.4) were added 
to each T150 cell culture flask to harvest the cells. In all, 2xl0 7 cells were used to isolate 
the RNA according to the manufacturer's instructions (RNeasy Minikit, QIAgen). Starting 
from about 100 |ag of total-RNA the manufacturer's instructions were followed in order to 
isolate polyA + RNA using the Oligotex Kit (QIAgen). Then starting with about 0.5 mg of 
polyA+ RNA the cDNA synthesis was carried out according to the manufacturer's 
instructions (Clontech Marathon Protokoll). 

30 Example 2 

Representational Difference Analysis (RDA) of the pancreatic carcinoma cell line MZ.PC2 
m7#l B7.1#3 versus a pool of 1 1 normal tissues 
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Starting from about 0.5 jig of poly-A(+) of the pancreatic tumour cell line MZ.PC2 m7#l 
B7. 1#3 and a pool of 2.5 |ig of poly-A(+) RNA from 1 1 normal tissues (Clontech) - bone 
marrow, heart, kidney, liver, lung, pancreas, skeletal muscle, spleen, thymus, small 
intestine and stomach - RDA was carried out (Diatchenko et al. 1996, Proc. Natl. Acad. 

5 Sci. U.S.A. £3: 6025-6030, ; Hubank and Schatz, 1994, Nucleic. Acids. Res. 22: 5640- 
5648) using the PCR-select™ Kit (Clontech, Palo Alto) in accordance with the 
manufacturer's instructions: RNA from the pancreatic tumour cell line was used as the 
"tester" and RNA from the normal tissue pool was used as the "driver" in accordance with 
the manufacturer's instructions. In contrast to the original procedure, after the synthesis of 

10 double-stranded cDNA using oligo-dT, the cDNA was cut with 6 restriction enzymes: 

EcoKV, Nael, Nrul, Seal (Promega), Sspl 9 Stul (TaKaRa) in Promega buffer A for 2 hours 
at 37°C and, after increasing the NaCl concentration to 150mM, for a further 2 hours at 
37°C. The use of this mixture of 6 different restriction enzymes made it possible to 
generate cDNA fragments about 800 bp long, which were used for the representational 

15 difference analysis. 

Equal parts of tester cDNA were ligated with either adaptor A or B and then hybridised 
separately with an excess of driver-cDNA at 68°C. Then the two mixtures were combined 
and subjected to a second hybridisation with fresh denatured driver cDNA. The 
concentrated tester-specific cDNAs were then amplified exponentially by PCR with 
primers from the kit specific for the adaptor A or B with a 2 minute elongation time at 
72°C, over 27 cycles (10" at 94°C, 30" at 66°C, 2' at 72°C). For further concentration, 
one aliquot from this reaction was subjected to a second PCR with specific nested primers 
from the kit with 2 minutes' elongation time at 72°C, 10 cycles (10" at 94°C, 30" at 66°C, 
2' at 72°C). The product resulting from this reaction was ligated into 3 different, 
individually modified pCR3.1(+) vectors (InVitrogen): vector (LORF), vector (2.0RF) 
and vector (3.0RF) (Fig. 5: CMV Cytomegalovirus; BGH Bovine Growth Hormone; ORF 
Open Reading Frame ) and then transformed into competent E. coli (OneShot™, 
Invitrogen). These vectors allow expression in eukaryotic cells in 3 different reading 
frames. 

To construct the 3 vectors, the pCR3.1(+)-vector (InVitrogen) was cut with Nhel and 
Hindlll (Promega) and ligated with one dsDNA oligomer which was produced by 
annealing two ssDNA oligomers (SEQ ID NO:4 and 5; vector ORF1) or (SEQ ID NO:6 
35 and 7; vector ORF2) or (SEQ ID NO: 8 and 9; vector ORF3), using standard methods (e.g. 
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01 



Ausubel et al., 1994; Sambrook et al. 1989 ColdSpring Harbor Laboratory Press). The 3 
vector types have a start codon and a cloning site for expression in a reading frame which 
is different from the other two vectors. 

5 The transformation of competent E. coli (OneShot™, Invitrogen) carried out in three 

batches (vector l.ORF, 2.0RF and 3.0RF) with the cDNA of the subtractive cDNA library 
produced about 9600 clones. These were examined by PCR analysis for the presence and 
length of the insert cDNA. The following method was used: the 9600 clones were 
cultivated in 96-well blocks in LB-Amp medium for 48 h at 37°C. Then 5 |il aliquots of 

10 the E. coli suspensions were heated to 100°C in 500 \x\ of TE buffer for 10 minutes and 1.5 
|il thereof were used as the basis for a PCR in which the insert of the vector was amplified 
with flanking primers (SEQ ID NO: 10 and 1 1) over 35 cycles (T at 94°C, 1 ' at 55°C, 2' at 
72°C). The PCR products were revealed by agarose-gel electrophoresis and ethidium 
bromide staining. The bacterial cultures remaining were stored as glycerol stock cultures 

15 at-80°C. 

A cDNA subtraction library of 3450 individual clones was obtained in the form of E. coli 
glycerol stock cultures, the insert length of which was known from agarose gel 
electrophoresis. As expected, the inserted cDNA fragments were shown to have an 
20 average length of about 800 bp. 

Example 3 

DNA Sequencing and Annotation of clones of the subtractive cDNA library of the 
25 pancreatic tumour cell line MZ.PC2 m7#l B7.1#3 

The plasmid-DNA from 50 clones randomly selected from the subtractive cDNA library 
were isolated in accordance with the manufacturer's instructions (QIAgen) and sequenced 
by the Sanger method on an ABI-Prism apparatus. The sequences thus found were 

30 annotated by BLAST-Search (National Center for Biotechnology Information) and 

subjected to EST data bank comparisons. This made it possible to identify 38 known and 
12 unknown genes. For the latter there were only EST entries. For the 12 unknown genes 
the expression profile was estimated: the starting tissue for the corresponding cDNA 
library was checked for all the ESTS in data banks having greater than 95% identity 

35 (BLAST) with the experimentally determined sequence. They were subdivided into 
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i) critical normal tissue, ii) foetal, "non-essential" and immunoprivileged tissue and 
iii) tumours and tumour cell lines. On the basis of this "virtual mRNA profile" 4 clones 
(R2, R8, Rl 1 and R12) were selected for further experimental analysis. 

5 Example 4 

Transcriptional analysis of the candidate clones in tumour and normal tissue 

Between 2 and 5 jag of total RNA from tumour or normal tissues were reverse transcribed 
10 using SuperScriptll (GibcoBRL) or AMV-RT (Promega) in accordance with the 

manufacturer's recommendations. For each individual RNA probe a second test was 
carried out without reverse transcriptase as a control for contamination by chromosomal 
DNA. The quality and quantity of the cDNAs was checked by PCR with P-actin-specific 
Q primers (SEQ ID NO: 14 and 15) and GAPDH specific primers (SEQ ID NO: 16 and 17) 

J| 15 after 30 and 35 cycles (1' at 95°C, 1 ' at 55°C, 1 ' at 72°C). The 4 candidate genes were 

yj analysed analogously with specific primers. The PCR products were detected by agarose 

!!T gel electrophoresis and ethidium bromide staining. A candidate which was designated 

Oi "Rl 1" exhibited a relatively specific tumour/testis transcription profile, after 35 cycles with 

W Rl 1 -specific primers (SEQ ID NO: 12 and 13); the semiquantitative RT-PCR of RNA from 

20 carcinoma of the breast, adenocarcinoma of the lung, plate epithelial carcinoma of the 
03 lung, carcinoma of the kidney, colon carcinoma, heart, lung, liver, kidney, colon, spleen 

H and testis is shown in Fig. 1 . Another qualitative PCR of cDNA from the tissue of 3 

□ human patients with tumours of the pancreas using the same Rl 1 -specific primers (SEQ ID 

u NO: 12 and 13) showed expression in human pancreatic tumours (Fig. 2). Moreover, an 

25 additional qualitative PCR of cDNA from various tumour cell lines from human lung (LC 
6, 16), gall bladder (GB 1) and pancreatic tumours (PC 1, 2) and two melanomas (Mel 2, 
7) was carried out with the same Rl 1-specific primers (SEQ ID NO: 12 and 13), which 
showed clear expression in all the tumour cell lines (Fig. 4). In this analysis the Perkin 
Elmer method (GeneAmp RNA PCR Kit, #N808-0017) was used (RT reaction: (lx) 
30 15742°C - 5799°C - 574°C; PCR reaction: (35x) 2795°C - 1795°C - 1 760°C and (lx) 
7772°C - 4°C (Fig. 4). As described above, the PCR products were revealed by agarose 
gel electrophoresis and ethidium bromide staining. A Ikb size marker made by Gibco 
BRL was used as the size marker. 

35 



-26- 



Case 12/211 



Example 5 

Transcription profile of Rl 1 in normal tissues 

5 For Northern Blot analysis, Human Multiple Tissue Northern Blots (Clontech, Palo Alto 
and Invitrogen) were hybridised for 2 h at 68° with the roughly 1000 bp long Rl 1 PCR 
product labelled with [a- 32 P]dCTP (NEN, Boston). Visualisation was carried out by 
standard autoradiography (Hyperfilm, Amersham). Fig. 3 shows the results of this 
analysis: from 19 normal tissues (pancreas, adrenal medulla, thyroid, adrenal cortex, testes, 

10 thymus, small intestine, stomach, brain, heart, skeletal muscle, colon, spleen, kidney, liver, 
placenta, lung, leukocytes). For Rl 1, a prominent transcript 7.5 kb long is found in the 
placenta, adrenal medulla, adrenal cortex and in the testis. A very weak band of 7.5 kb can 
also be detected in the brain. Since all these normal tissues have immunoprivileged status 
(Streilein, 1995, Science ZZQ: 1 158-1 159) an attack by CTL can be ruled out in any 

15 immunotherapy based on this antigen. 

Other transcripts of 3.8 kb and 2.3 kb, which might possibly be splice variants of the 7.5 kb 
transcript or might be derived from a homologous gene, were identified in the adrenal 
medulla and adrenal cortex (Fig. 3). 

20 

Example 6 

Cloning the Rl 1 cDNA 

25 The following procedure was used to clone the human Rl 1 cDNA: a BLAST search 
identified a fragment AF038197 and a plurality of ESTs, such as for example N42343, 
W69539, H82474, H5 1766, N283 13, overlapping with the Rl 1 "original sequence" (796 
bp) obtained in Example 3 by sequencing. Starting from the sequence AF038197 a contig 
overlapping with the clone Rl 1 was found with the EstExtractor on TigemNet 

30 ( http://gcg.tigem.it/cgi-bin/uniestass.pL Banfi et al., 1996, Nature Genetics 13: 167-174). 
The overlapping of the contig and the "original sequence" of the 796 bp long Rl 1 was 
verified by PCR amplification with an Rl 1 "original sequence"- specific primer and a 
primer located on the contig (SEQ ID NO: 18 and 19) from a Superscript™ Human Testis 
cDNA Library (GibcoBRL) and subsequent sequencing. By means of a PCR with an Rl 1- 

35 specific primer (SEQ ID NO:20) and a vector-specific primer (SEQ ID NO:2 1), other 



-27- 



Case 12/211 



fragments belonging to Rl 1 were amplified from the Superscript™ Human Testis cDNA 
Library using the Advantage cDNA PCR Kit (Clontech) and following the standard 
procedure described therein. Knowledge of these new sequences in turn made it possible 
to carry out further PCRs with Rl 1-specific primers (SEQ ID NO: 22 and 23) and the 
5 vector-specific primer (SEQ ID NO:21). 

To extend the Rl 1-cDNA further, a human testis Rapid-Screening cDNA Library panel 
(OriGene Technologies, Inc) was screened with primers specific to Rl 1 (SEQ ID NO: 24 
and 25) under the standard PCR conditions specified by the manufacturer. From the 
10 positive wells, one aliquot was amplified as a template for a PCR with an Rl 1 specific 
primer and a primer specific to the vector (SEQ ID NO: 26 and 27) using the Advantage 
cDNA PCR Kit (Clontech) and following the standard procedure described therein. 

For the sequence analysis, aliquots of the PCR preparations were ligated directly into the 
15 pCR2.1 vector (Invitrogen) and then transformed into competent E. coli (OneShot™, 
Invitrogen) and sequenced as described in Example 3. 

Starting from these newly identified sequences, 5 '-sequence regions located higher 
upstream could be cloned from a Superscript™ Human Testis cDNA Library (GibcoBRL) 
20 with the following additional oligonucleotide primers specific for Rl 1 (SEQ ID NOs:28 to 
43). The primers were used with a plasmid-specific primer (SEQ ID NO:21) described 
hereinbefore or combined with one another for the PCR cloning using the Advantage 
cDNA PCR Kit (Clontech). 

25 The cloned region of the Rl 1-cDNA has 6582 bp, whilst the presence of a PolyA tail at the 
3 f -end of the sequence is an indication of the completeness of the cDNA in this region. 
Two separate continuous reading frames were identified. The first reading frame at the 5' 
end (Rl 1-ORF-l; SEQ ID NO:2) is represented by the start codon at position 218 and the 
stop codon (TAG) at position 1421 in SEQ ID NO:l. There are no data bank entries of 
30 known genes for this gene. Analysis of the protein profile (http://www.expasy.ch/prosite, 
I Hofmann et al., 1999, Nucleic Acid Res. 22:215-219) yi elded a referenc e to three possible 
N-glycosyla^ 62-65, 76-79 and 1 17-120 in SEQ ID NO: 2), a cAMP- 

and cGMP-dependent protein kinase phos^hqiQ^jon site (position # 1 1-14 in SEQ ID 
NO.2), as well as 7 possible PKC-phosphorylation sites (position #9-11,14-16, 78-80, 
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15 



20 



25 



119-121, 183-185, 202-204 and 210-212 in SEQ ID NO:2) and 6 possible casein kinase II 
phosphorylation sites (position # 1 19-122, 127-130, 183-186, 256-259, 295-298 and 358- 
361 in SEQ ID NO:2). The zinc finger motif (zf-CCHC; E=0,1 1, Pfam-A HMM) from 
position # 371 to positionV384in^QlD NO:2 (CLY£GTGGHYADNC) should be of 
particular interest for predicting a possible function of Rl 1-ORF-l . It is known that 
members of the protein family which have these motifs do not have any insertions or 
deletions in the motif itself; this is also true of the Rl 1-ORF-l protein. Although no 
typical SH3 binding sequence can be found, it is certainly conceivable tha rthe P-rich 
region (position # 36-56JinjSEQ ID NO:2) could interact with an SH3 domain. By using 
the COILS algorithm, a coiled-coil structure can be predicted with more than 99% 
probability for the amino acid groups in the region of position # 80 to about 125. On the 
basis of these two domains, the zinc finger motif and the coiled coil domain, it can be 
concluded that Rl 1-ORF-l is possibly a transcription factor the oligomerisation of which 
is controlled via these two domains. 

In the second open reading frame, Rl l-ORF-2, which is defined by a start codon at 
position # 1498 and a stop codon (TAA) at 2569, in addition to the two obvious proline- 
rich sections (position # 128-141 and 330-351 in SEQ ID NO: 2), potential motifs for two 
N-glycosylation sites (104-107 and 251-254), one protein kinase C phosphorylation site 
(108-1 10), five casein kinase II phosphorylation sites (99-102, 165-168, 198-201, 200-203 
and 274-277) and a region resembling the active centre of eukaryotic and viral aspartate 
proteinases (16-27). The clear homology of the first 280 amino acids of Rl l-QRF-2 with 
the retroviral pol polyprotein is particularly remarkable. In the C-terminus, by contrast, no 
homologies could be discovered. Amino acids from position #9 to 277 clearly align in 
blastp with the Fugu pol polyprotein (position # 104-365; 2e~ 22 ). The aspartate protease 
pattern # 16-27 mentioned above comprises the active nucleophil Asp (#19) of the active 
centre of the protease of the pol region; position #215 to #277 corresponding to part of the 
reverse transcriptase domain. The protein derived from Rl l-ORF-2 is therefore a possible 
retrotransposon. 



30 Example 7 



Potential MHC-binding peptides in the regions coding for the two reading frames of Rl 1, 
Rl 1-ORF-l and Rl l-ORF-2 
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Potential peptide epitopes within the two reading frames of Rl 1 according to SEQ ID 
NO:2 or 3) were carried out using the algorithms described by Parker et al., 1994, J. 
Immunol. 152 : 163 on the basis of known motifs (Rammensee et al., 1995, 

5 Immunogenetics 41: 178-228). 9-mer candidate peptides have been identified for the most 
important HLA-types, especially for HLA-A1, -A*0201, -A3, -B7, -B14 and -B*4403, 
which can be expected to bind to the corresponding HLA molecules and thus constitute 
immunogenic CTL-epitopes; the peptides discovered are listed in Table 1 (Rl 1-ORF-l) 
and Table 2 (Rl l-ORF-2). By analogous methods, other potential peptide epitopes may be 

10 found for other HLA types or 8-, 9-, or 10-mer peptides. 



Table 1 

Immunogenic peptide candidates of Rl 1-ORF-l (401 amino acids) 



Starting 
position 
in SEQ 
ID NO:2 


Sequence 


HLA 


35 


Ser Pro Pro Thr Pro Thr Val Thr Leu 
(SEQ ID NO:88) 


HLA-B7 


85 


Leu Ser Glu Glu He Asn Asn Leu Arg 
(SEQ ID NO:89) 


HLA-A1 


112 


Lys Leu Thr Glu Glu Asn Thr Thr Leu 
(SEQ ID NO:90) 


HLA-A*0201 


113 


Leu Thr Glu Glu Asn Thr Thr Leu Arg 
(SEQIDNO:91) 


HLA-A1 


135 


He Glu Leu Arg Gly Ala Ala Ala Ala 
(SEQ ID NO:92) 


HLA-B*4403 


172 


Phe Met Ala Gin Cys Gin He Phe Met 
(SEQ ID NO:93) 


HLA-A*0201 


199 


Ser Met Met Thr Gly Arg Ala Ala Arg 
(SEQ ID NO:94) 


HLA-A3 


205 


Ala Ala Arg Trp Ala Ser Ala Lys Leu 
(SEQ ID NO:95) 


HLA-B7 
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211 


Ala Lys Leu Glu Arg Ser His Tyr Leu 
(SEQ ID NO:96) 


HLA-B14 


252 


Gin Gly Met Gly Ser Val He Asp Tyr 
(SEQ ID NO:97) 


HLA-B*4403 


274 


Asn Glu Pro Ala Leu He Asp Gin Tyr 
(SEQ ID NO:98) 


HLA-BM403 


315 


Arg Arg Leu Ala Arg Ala Ala Ala Ala 
(SEQ ID NO:99) 


HLA-B14 


325 


Lys Pro Arg Ser Pro Pro Arg Ala Leu 
(SEQ ID NO: 100) 


HLA-B7 


354 


Arg Met Arg Leu Thr Gin Glu Glu Lys 
(SEQ ID NO: 101) 


HLA-A3 


346 


Pro Thr Glu Pro Val Gly Gly Ala Arg 
(SEQ ID NO: 102) 


HLA-A1 
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Table 2 

Immunogenic peptide candidates of Rl l-ORF-2 (357 amino acids) 



Starting 
position 
in SEQ ID 
NO:3 


Sequence 


HLA 


1 


Met Leu Gin He His Leu Pro Gly Arg 
(SEQ ID NO:44) 


HLA-A3 


4 


He His Leu Pro Gly Arg His Thr Leu 
(SEQ ID NO:45) 


HLA-A*0201, HLA-B14 


5 


His Leu Pro Gly Arg His Thr Leu Phe 
(SEQ ID NO:46) 


HLA-A3 


31 


Tyr Val Ala Gin Asn Gly He Pro Leu 
(SEQ ID NO:47) 


HLA-B7 


39 


Leu Arg He Lys Asp Trp Pro He Leu 
(SEQ ID NO:48) 


HLA-B14 


46 


He Leu Val Glu Ala He Asp Gly Arg 
(SEQ ID NO:49) 


HLA-A3 


53 


Gly Arg Pro lie Ala Ser Gly Pro Val 
(SEQ ID NO:50) 


HLA-B14 


64 


Glu Thr His Asp Leu He Val Asp Leu 
(SEQIDNO:51) 


HLA-B14 


71 


Asp Leu Gly Asp His Arg Glu Val Leu 
(SEQ ID NO: 52) 


HLA-A*0201, HLA-B7, 
HLA-B14 


73 


Gly Asp His Arg Glu Val Leu Ser Phe 
(SEQ ID NO:53) 


HLA-B*4403 


85 


Gin Ser Pro Phe Phe Pro Val Val Leu 
(SEQ ID NO:54) 


HLA-B7 



-32- 



Case 12/211 



92 


Val Leu Gly Pro Arg Tip Leu Ser Ala 


HLA-A 0201 


97 


Trp Leu Ser Ala His Asp Pro Asn He 


HLA-A*0201 


110 


Arg Ser He Val Phe Asp Ser Glu Tyr 

rcun TD TsIO*S7^ 
^olly IJJ / ) 


HLA-B*4403 


112 


He Val Phe Asp Ser Glu Tyr Cys Arg 

^OHV^ ID rHKJ .DO) 


HLA-A3 


134 


Pro Pro Pro Ala Pro Gin Pro Pro Leu 

^axil^ ID rvKJ.Dy) 


HLA-B7 


141 


Pro Leu Tyr Tyr Pro Val Asp Gly Tyr 
^oriV^ id isKJ.ovj) 


HLA-A3 


150 


Arg Val Tyr Gin Pro Val Arg Tyr Tyr 

^ijIiV^ ID IN^J.Ol ) 


HLA-A3 


152 


Tyr Gin Pro Val Arg Tyr Tyr Tyr Val 

(oHy IJJ INU.OZJ 


HLA-A*0201 


155 


Val Arg Tyr Tyr Tyr Val Gin Asn Val 

ID lSKJ.Oj) 


HLA-B14 


159 


Tyr Val Gin Asn Val Tyr Thr Pro Val 


HLA-A*0201 


169 


Gly His Val Tyr Pro Asp His Arg Leu 


HLA-B14 


177 


Leu Val Asp Pro His He Glu Met He 


HLA-A*0201, HLA-A 1 


183 


Glu Met He Pro Gly Ala His Ser He 
CSEO ID N0671 


HLA-A*0201 


189 


His Ser He Pro Ser Gly His Val Tyr 
(SEQ ID NO:68) 


HLA-A 1,HLA-B*4403 


191 


He Pro Ser Gly His Val Tyr Ser Leu 
(SEQ ID NO:69) 


HLA-B7, HLA-A*0201 
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198 


Ser Leu Ser Glu Pro Glu Met Ala Ala 
(SEQ ID NO:70) 


HLA-A*0201 




199 


Leu Ser Glu Pro Glu Met Ala Ala Leu 
(SEQIDNO:71) 


HLA-A1 




202 


Pro Glu Met Ala Ala Leu Arg Asp Phe 
(SEQ ID NO:72) 


HLA-B*4403 




203 


Glu Met Ala Ala Leu Arg Asp Phe Val 
(SEQ ID NO:73) 


HLA-A*0201 




206 


Ala Leu Arg Asp Phe Val Ala Arg Asn 
(SEQ ID NO:74) 


HLA-A*0201 




211 


Val Ala Arg Asn Lys Asp Gly Leu 


HLA-B7 


Q 




(SEQ ID NO:75) 






223 


Thr He Ala Pro Asn Gly Ala Gin Val 
(SEQ ID NO:76) 


HLA-A*0201 




224 


lie Ala Pro Asn Gly Ala Gin Val Leu 


HLA-B7 


01 




(SEQ ID NO:77) 






231 


Val Leu Gin Val Lys Arg Gly Trp Lys 


HLA-A3 






(SEQ ID NO:78) 






232 


Leu Gin Val Lys Arg Gly Trp Lys Leu 
(SEQ ID NO:79) 


HLA-A*0201, HLA-B14 




258 


Tyr Pro Arg Leu Ser He Pro Asn Leu 
(SEQ ID NO: 80) 


HLA*7 




266 


Glu Asp Gin Ala His Leu Ala Thr Tyr 
(SEQ ID NO:81) 


HLA-B*4403 




270 


His Leu Ala Thr Tyr Thr Glu Phe Val 
(SEQ ID NO:82) 


HLA-A*0201 




306 


Gly Arg Asp Gly Gin Gly Arg Ser Leu 
(SEQ ID NO: 83) 


HLA-B14 




307 


Arg Asp Gly Gin Gly Arg Ser Leu Tyr 
(SEQ ID NO:84) 


HLA-B*4403 
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308 


Asp Gly Gin Gly Arg Ser Leu Tyr Val 
(SEQ ID NO: 85) 


HLA-B14 


313 


Ser Leu Tyr Val Pro Val Met He Thr 
(SEQ ID NO: 86) 


HLA-A*0201,HLA-A3 


320 


He Thr Tip Asn Pro His Tip Tyr Arg 
(SEQ ID NO: 87) 


HLA-A3 



The present invention is not to be limited in scope by the exemplified embodiments which 
are intended as illustrations of single aspects of the invention. Indeed various 
modifications of the invention in addition to those shown and described herein will become 
5 apparent to those skilled in the art from the foregoing description and accompanying 

drawings. Such modifications are intended to fall within the scope of the appended claims. 

All publications and patent applications cited herein are incorporated by reference in their 
entireties. 
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